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Abstract 
There have been changes in concepts of different countries seismic design codes. Therefore it seems useful to 
compare some of these seismic codes. In this study, four two-dimensional steel moment resisting frame buildings with 
3, 6, 9 and 12 storey with intermediate ductility levels are designed using Iranian (Standard No. 2800), European 
(EC8) and Japanese (BCJ) seismic codes under identical circumstances, and performance of these structures are 
evaluated with FEMA-356 and ATC-40 provisions. Also, case studies are implemented according to the corresponding 
codes. At the end, advantages and disadvantages of these codes are discussed.  
Results of nonlinear static analysis indicate that yield displacement for the designed structures using three codes are 
close enough in different period ranges (short, moderate, long). Assessment of performance levels shows that BCJ 
code generally satisfies life safety performance level based on ATC-40. Standard No. 2800 doesn’t satisfy life safety 
performance level in general. EC8 code satisfies life safety based on both FEMA-356 and ATC-40. In addition, most 
of plastic hinges are within IO-LS performance range. From strength point of view, overall strength of short and 
middle period structures among these three codes are almost identical but differ for high rise structures with relatively 
long periods. 
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1. Introduction 
United States, Newzealand and Japan are among countries that have had important roles in development 
of seismic codes. In this research, four two-dimensional steel moment resisting frames with 3, 6, 9 and 12 
stories are designed according to Iranian (Standard 2800), European (EC8) and Japanese (BCJ) seismic 
codes under identical circumstances. For performance evaluation of these structures nonlinear static 
analysis was performed according to FEMA-356, ATC 40 provisions.  
2. Evaluation of Iranian (Standard 2800 standard), European (EC8) and Japanese (BCJ) seismic    
codes 
These codes (EC8, BCJ, Standard 2800) define two seismic force levels. The reference seismic force 
(having a probability of exceedance equal to 10% in 50 years) is representative of the strong ground 
motions. The other seismic force level (in which the probability of exceedance and return period are 
respectively 10% in 10 years and 95 years for EC8 and 50% in 30 years and 43 years for BCJ and 99.5% in 
50 years for Standard 2800) is representative of moderate ground motions. In BCJ, seismic force levels 
corresponding to moderate and strong ground motions are named Levels 1 and 2, respectively.  
Ground motion is represented by means of an elastic pseudo-acceleration response spectrum. Such a 
spectrum is correlated with the foundation soil stratigraphy: different soil types, ranging from hard to soft 
soil types, and the corresponding pseudo-acceleration elastic spectra are defined in each code. Overall 
comparison of soil types in these three codes are shown in Table 1. Since different parameters are used by 
the three codes to classify the foundation soil (VS,30 in EC8 & 2800 & Tg in BCJ), the comparison has 
been carried out with reference to a unique soil layer, with thickness equal to 30 m, placed over the rock 
soil.  
Table 1. Comparison of soil types in EC8, BCJ, 2800 standard 
Code Soil type 
2800 I II III IV
EC8 A D C D
BCJ I II III
3. Characteristics of model structures 
For exact evaluation of items in preceding sections, a group of 3, 6, 9 and 12 storey steel moment 
resisting frames with intermediate ductility have been selected. Design of frames was performed 
according to Iranian, European and Japanese steel design codes. The numbers of bays were identical in all 
frames and were equal to 3. The length of bays and storey heights are considered 3 and 3.2 meters 
respectively. Figure 1 shows elastic spectrum of EC8, BCJ, Standard 2800 for strong ground motion 
levels. In this study, all the structures are designed with reference to a PGA equal to 0.40g. For 
comparison purpose all accelerations in EC8 and Standard 2800 should are multiplied by 0.4g. With 
reference to strong ground motions, EC8 and BCJ spectrums are slightly smaller than those provided in 
Standard 2800. 
S. Malekpour et al. / Procedia Engineering 14 (2011) 3331–3337 3333
Figure 1. Elastic response spectra of 2800 standard, EC8 and BCJ for strong ground motion of different soil types. 
Gravitational loading of frames was evaluated according to conventional roof systems and lateral 
loading of frames was assigned according to each seismic code. 
Because of the height of frames and appropriate regularity of structures both in plan and height, the 
application of equivalent static method is allowed according to Standard 2800, EC8 and BCJ.  
The following assumptions were made in evaluation of earthquake forces: 
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x All the structures are designed with reference to a PGA equal to 0.40g and hard soils. 
x All the structures have intermediate importance factor and are set up in zones with very high seismic 
hazard regions. 
x The structural system is intermediate steel moment resisting frame with the force reduction factor 
taken as 7 for Standard 2800 and 4 in EC8 and 3.33 in BCJ. 
x Live load contribution factor was taken as 0.2 in all codes. 
All case studies were analyzed and designed according to the corresponding codes.  
The following controls were carried out in the design procedure. 
x Control of stress limits  
x Displacement control of structures based on code provisions. 
 Control for serviceability load levels. 
 Displacement control of each level according to serviceability earthquake loads. 
 Special ductility controls. 
 Control of Beam-column capacity ratio (in EC8 code) 
IPE and IPB cross sections were used for modeling of beam and columns elements respectively.  
4. nonlinear static analysis of structures, capacity curves and target displacements of structures 
Nonlinear static analysis was performed with SAP2000 program according to FEMA-356 and ATC-40 
provisions. The results are briefly reported in the following sections. Figure 2 shows capacity spectrum of 
structures with different lateral load patterns. Capacity spectrum of each structure has been drawn under 
following conditions: 
- Capacity spectrum of structures considering lateral load pattern given by dynamic response spectrum 
analysis with 0.9 for dead load factor. (Push Xd-Spec) 
-  Capacity spectrum of structures considering rectangular lateral load pattern with 0.9 for dead load 
factor. (Push Xd-Rectangular) 
Figure 3 shows the ratio of all plastic hinges in a performance level of structure. 
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 Figure. 2. Comparison of capacity curves that are given by three codes. 
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Figure 3. Situations of plastic hinges in different performance level for 6 storey moment resistant frame. 
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5. Concluding remarks  
x Among these three seismic codes, Standard 2800 considers greater earthquake loads for structures with 
long periods. 
x Yield displacement of the designed structures with these three codes, mostly correspond to each other. 
x From strength point of view, overall strength of short and middle period structures among these three 
codes are almost identical but it differs for high rise structures with long periods. 
x It seems that structures designed with EC8, have better behavior before and during yielding. The total 
stability of the structure was preserved even after yielding of the structure, which can be attributed to 
appropriate distribution of stiffness among seismic resistant elements. 
x Although the overall strength level of Standard 2800 is more than the other codes, distribution of 
stiffness along the height prevents the structure from a uniform behavior in all steps of seismic 
loading. 
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